Interference effects on the transport through two localized tunnel junctions on the surface of a well-grounded sample reveal intrinsic spatial correlations characteristic of the uncoupled sample. Differential conductances of the twojunction probe are related to the spatial correlations of both normal and superconducting samples. For a superconducting sample the gap anisotropy strongly affects the results. This may serve as a sensitive probe of the order parameter in high-temperature superconductors.
The advent of scanning tunneling microscopy (STM) has enabled the characterization of materials on the atomic scale through measurements of the local density of states (LDOS).
Recently, in a series of STM experiments on a Cu (111) surface, the local electronic correlations of the surface-state electrons were probed through their influence on the LDOS around an Fe impurity [1] . Properties which might be determined from these types of measurements, but could not be probed by an STM measurement on the homogeneous sample, include the angularly-resolved dispersion relations and mean free path, as well as the density of states as a function of energy and momentum.
In this type of STM experiment the characteristics of an impurity limit the information available on the local electronic correlations around it. In particular, the influence of the impurity is manifested in oscillations (of approximately the Fermi wavelength) in the LDOS.
These short-distance oscillations allow accurate determination of the dispersion relations, but hinder measurements of long-distance properties. By replacing the impurity with a contact, and taking an appropriate differential conductance between the two contacts, one obtains a measurement which does not contain substantial oscillations, but reveals long-distance behavior.
A conceptually straightforward, but impractical, two-contact arrangement would consist of two STM tips which could be placed from 1Å to 1000Å apart. This would allow probing of correlations with short length scales (1 − 10Å), such as Fermi wavelengths in desired directions, medium length scales (10 − 100Å), such as high-T c superconducting coherence lengths and charge-density wave oscillations, and long length scales (100 − 1000Å) such as mean free paths, transitions from ballistic to diffusive propagation, low-T c coherence lengths, charge-density-wave correlation lengths, and angularly anisotropic density-of-states effects [2] .
Practical alternatives to the two-tip STM are possible. If a single small contact of size ∼ 100Å could be made on a surface, the other contact could be an STM. In some systems contact has been made to nanofabricated wires as small as 100Å, fabricated using STM-CVD [3] on a smooth surface. With such an arrangement at least the long-range correlations could 2 be probed.
The two-contact experiment is also insensitive to a small concentration of impurities on the surface. Impurities would produce oscillations in the LDOS due to scattering of electrons from one contact to the other. A contact detects an average of the LDOS over its area, so if the contact diameter is large compared to the Fermi wavelength these oscillations would be greatly suppressed.
The specific application we will focus on is detecting gap anisotropy in high-temperature superconductors. For a d x 2 −y 2 gap, which has four nodes, we find at voltages much less than the gap quasiparticles can only travel in the real-space directions roughly parallel to node momenta, yielding "channels" of conductance. At voltages slightly higher than the gap maximum there are more states for momenta near the gap maximum, so the channels would appear rotated by 45 o . With a 100Å contact and an STM tip 1000Å away, the angular resolution would be 6 o , similar to photoemission [4] . Major advantages over photoemission include the improved energy resolution and the ability to characterize the surface with the STM while performing the experiment. In contrast to other tunneling probes of gap anisotropy [5] , the details of the tunneling barrier are not important.
Measurements of gap anisotropy promise to be effective in distinguishing among the various theories of high-temperature superconductivity, including phonon-mediated s-wave
Despite evidence of a finite density of states at low energy [9] , angular anisotropy of the gap [4] , and changes of sign in the gap around the Fermi surface [5] , evidence for d-wave superconductivity is not conclusive. Furthermore, even less evidence selects among the various forms of d-wave gaps. Figure 1 shows the geometry of the two-contact probe. There are three reservoirs connected to a sample. One of the reservoirs is well-connected to the sample and acts as a ground that determines its chemical potential (this will be discussed more below). This configuration is intentionally different from the ungrounded, two-contact geometry relevant for quantum dots [10] . In this Letter the behavior of the homogeneous sample material is of interest -not the behavior of electrons confined to a small island. The remaining two reservoirs are weakly linked to the sample and act as tunnel junctions.
The Hamiltonian for the uncoupled system is
where c † α i
creates an electron in eigenstate α i in lead i = 1, 2, or G (Ground). The last terms describe the sample, and are written in coordinate representation in anticipation of a spatially inhomogeneous response to the localized tunneling probes. The transfer Hamiltonian is
where Each of the two localized junctions 1 and 2 has its own voltage difference with respect to ground (V 1 and V 2 ), as depicted in Fig. 1 . The current through the junctions was calculated as a function of voltage and position.
where 
2 ) represents an interference effect caused by the second junction as if it were a block of material on the surface of the sample with no external connection (this process is independent of eV 2 ). The remaining combination f 2
represents transport between junctions 1 and 2 through the sample and is not present if
The last two lines in Eq. 
for an electronic excitation to leave the system via the ground (where
is the density of states at the Fermi level of lead i). In the situation we consider Γ G is small enough not to affect local electronic transport, but large enough that any path from contact 1 to contact 2 which involves scattering off the sample boundaries is strongly suppressed. The grounding-lead lifetime differs from those due to intrinsic sample processes, 5 such as inelastic scattering, which produce different electronic excitations in the sample. One needs only observe that in the ungrounded, two-contact geometry, the current through lead 1 must equal the current through lead 2, something not required for the grounded geometry.
To remove the effect of the position-independent background a cross-junction differential conductance can be defined by taking the derivative of I 1 with respect to the voltage V 2 across the other junction. Doing so yields the simpler result
where R Q ≡ πh/e 2 . The relative sign beween the terms has its physical origin in the Andreév process (represented by |f ret | 2 ) which places a hole in the other lead, whereas the normal channel (represented by |g ret | 2 ) places an electron there, thus resulting in opposing currents.
I 2 can be found by interchanging the labels 1 and 2 in I 1 . Forming the combinations I T = (I 1 − I 2 )/2 and I G = I 1 + I 2 , different pieces of the Green's functions can be measured:
where σ BT and σ BG are position-independent background terms. Equations (4) and (5) demonstrate that this particular example of a nanofabricated probe can make direct measurements of spatial correlations due to electronic transport within the sample. 
The terms Re(g ret ) and Im(g ret ) are very similar in appearance, therefore I G and I T look nearly identical to Fig. 3 .
We note that for eV > ∆ 0 the enhanced density of states at the anti-nodes causes channels rotated by π/4 from the sub-gap result. These channels appear identical to those found in the impurity case [2] , with the important exception that the short-wavelength oscillations present in the impurity case are absent here. Also, the signal in the two-contact experiment is substantially greater. 
